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2.0 Introduction

Kilocurie amownts of ba.r.‘v.umm0 have been produced in the Oak Ridge (1,2)
National Laboratory Rala plant since 1945, using a precipitation process.' ™’
Originally, ORNL slugs were used as the raw material, but, as the reguired
amount of product increased, it became more economical to utilize Hasford
glugs. The Rala plant was reviged in 1950-51 to increase the safety of
the eqiz nt and to d,ng’-ease the plant capacity to 10,000 curies of -
barium~"" per batch.‘~”’ In addition, the latter part of the Rala pre-
cipitation process was replaced with an ion-exchange procedure to increase
the purity of the product and 'fo -ggcilitate the handling of small amownts.
of material by remote comtrol. (50 :

Subsequently the consumer requested an increase in batch size to a
minimum of 30,000 curies. Assemblies from the Materials Testing Reactor
were proposed as the source for the production of the larger batches be-
cause of their high specific activity. An MIR assembly is composed of an
aluminum-uranium®3’ alloy, clad vith pwre aluminum, which after irradistion
for 3? days would contain 3.88 x 10% curies of bariwm!®0. An economic sur-
vey( indicated that it would be cheaper €o produce the larger batches in
the ORNL Rala plant using Haaford or{Aiken slugs if the required production
period was only two to three years. \For a longer production period it wes
probably advantageous o install new: Eala-Processing:facilitiescat. the..
gite of the Materials Testing Reactor. '

In order to utilize MFR assemblies for the production of barimllko
it was necessary to develop a new Rals procees. The laboratory study of
four possible chemical schemea is presented in this report. The develop-
ment experiments were performed to scale in both glass and stainless steel
equipment with 10- to 20-g trangverse sections of & natural wranium MIR
assembly, thus assuring the proper ratios of uranium and aluminum to sili-
ca and other impurities. The sections were irradiated in the X-10 graphite
reactor to provide radioactivity for tracing the cations im the process.
Inactive cations were added in the proper concentrations to represent the
fission product masses. Cerium, or a mixture of cerium and lanthanum, was
uged to simulate the rare earths. The final process was chosen on the
basis of chemical yield and purity of product, ease of recovery of uran1\m235,
simplicity of equipment; and overall time required for processing. Studles
of the unit operations in the proposed process and design considerations
for a pilot fli'nt and final processing plant are presented in separate
reports. 10,11 ’

3.0 Summary

A process for the production of 30,000-curie batches of baritmlho
from Materials Testing Reactor assemblies was developed and successfully
demonstrated on a laboratory scale. The barium yield was greater than
97.0% and the product met or exceeded all purity specifications. The pro-
cess showed good reproducibility and operability with an overall operating
time of approximately sev”enaggn hours. The waste solution is sultable for
the recovery of the uranium in the "25" solvent extraction process. A

g
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study of the irradiation characteristics of the materials used in the
process indicated adequate stability at the anticipated radiation level.

The MIR Rala Process consists of the dissclution of the assembly in
caustic, the recovery of the uranium-barium precipitate from the alumi-
nate solution by filiration, and the purification of the barium both by
precipitation of barium nitrate from 85% nitric acid and by an ion exchange
separation.

Three additional schemes were developed and evaluated for the dis-
solution of the assembly and the elimination of the bulk comstituents, -
aluninum and uranium. These schemes utilize a caustic, nitric acid-mer-
curic ion, or sulfuric acid-hydrogen peroxide-mercuric ion system for the
dissolution step and the precipitation of barium sulfate or barium nitrate
for the bulk separation step. It was concluded that these processes were
less desirable in terms of equipment simplicity, ease of recovery of wra-
nim@3’ from the waste stream, or radiation stability of the required
chemicsals.

Ion exchange and the precipitation of barium chloride from concen- -
trated hydrochloric acid were studied as alternate methods for the sepa~
ration of barium from the micro-contaminants. The ion-exchange method
was selected on the basis of high yleld, purity of product, and reliabi-
lity. : o

%.0 Physical Considerations

k.1 Composition of an Irradiated Assembly

The final operating schedule for the MIR reactor had not been fixed
at the time the MIR Rala Process was developed, thus preventing an accu-
rate calculation of the composition of the irradiated assemblies to be
used in the process. As a result it was necessary to develop & flexible
process which could handle cne or two assemblies with irradiation times
of 12 {0 37 days. Assemblies with longer or shorter irradiation periods
could he processed with s slightly modified procedure. ,

An agpembly irradiated for 12 days would contain 2.96 x 10* curtes
of bariuml*0="-0.9% g of barium; 135-20% g of uranium, depending on the
amount of uranium®3’ present; and approximately 0.76 g aad 4.8 g of stron-
tium and rare earths respectively. %mdiation for 20 or 37 days woulg
produce 3.88 x 10% curies of barium*9—"-1.h g of barimm, or &.% x 10
curies 2.1 g of barium, respectively. The latter figure represents the
maximun amount of bariumil"o activity which can be p ced in an assgembly.
Since the consumer's minimum requirements are 3.0 x 10" curies per batch,
it will be necessary to process two 12-day assemblies or ome 20- or 37-day
aggsembly. From the consumer's viewpoint, the 12-day material is preferable
because the shorter irradistion results in a lower mass ratio of bariumt

barium"-h‘o .

(11)

-
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The barium decay scheme

140 1 . '
. 284a 1atho b0 br *(st) @

must also be considgred in estimting the total curies needed for thehsro-
duction of 3.0 x 10" curies. For all practical purposes, the barium!

decay amo&nts to 5% per day. Thus, a 20-day irradiation, equivalemt to
3.88 x 10" curies, should be sufficient and would permit a 20% processing
loss, although the anticipated losses amount to only 5% for decay and 3%
for chemical processing. The assembly will be processed about four hours
after it is discharged from the reactor, thus making the initial decay
loss negligible,

The total ener pr?dgied by radicactivity in 'the assenbly will de-
crease from 1.3 x 1 at discharge to 5.0 kwiil) after four hours
of cooling, at which time the barium will represent only 3-5% of the total.

The amount of uranium in an irradiated assembly will vary consider-
ably but will have little bearing on the barium yield in the MIR Rala Pro-
cess. Consequently, the development runs were made assuming 150 g of ura-
nium per assembly and no effort was made to investigate other concentrations.
The percent uranium loss per run will vary with the total amowmnt of uranium
preaent, but the actual weight loss should be relatively constant. The
weight of aluminum was assumed to be 4.37 kg per assembly, which cqrres-(ll)
ponds t0 the calculated amount remaining after removal of the end boxes.

The calculated compositions of assemblies irradiated for 12, 20, and 37 days
are listed in Table 1 and & nomograph for the calculation of the specific
activity of each fission product at discharge time is given iIn Figure 1.

4.2 Product Specifications

The product specifications as supplied by the consumer are listed
below. The aluminum specification was not stated but was derived from a
knowledge oiothe consumer's process. The quantities represent the mini-
mum bariuml?C content and the maximum impurity content per batch.

Rala Product Specifications

Ba.riumlho ~ 3.0x 10" curles

Bariun: 'O - T
Barium38 | ' %igogc?;::i strontium)
Strontimn89’ 0

Iron . 500 mg

Chromium 10 mg

Nickel 10 mg

e oy SEGRET
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An additional specification is that the last separation of barium
and rare earths be made Jjust prior to shipment and that the shipment be
in the consumer's hands within two days. This precaution is necessary
to prevent the build-up of a large amount of cerium, thus rendering the
product less valuable (see equation (1)). The final step in the MIR Rala
Process, the fuming nitric acid precipitation, provides the necessary
separation of barium from lanthanum and cerium.

4.3 Recovery of Uranium

It wvas assumed that the uranium wmste solutions from an MIR-Rsls
Process would be combined with the feed solutions in the "25" Process*
for the recovery of the enriched uranium. This procedure, however, places
serious limitations on the t{ype of chemicals used in the Rala Process, -
since the waste solution must be compatible with the "25" solvent-extrac-
tion feed. An initial survey indicated that organic chemicals were not
acceptable but that moderate amounts of sodium sulfate or sodium nitrate
could be tolerated. Solutions of nitric acid were completely satisfac-
tory in that the nitric acid concentration can be lowered to any desired.
level by evaporation.

One of the processes investigated, the Caustic-Sulfate Process,
required the use of 400 moles of sulfate per assembly for the precipita-
] tion of barium (see Section 6.0). A sample of the uranium sulfate from
-1 this process was run through the "25" Process solvent-extractiom cycle.
. = The results showed that the efficiency of uranium extraction was lowered
to a dangerous degree when the "25" feed h}u‘bion contained more than 5%
by volume of the sulfate waste solution.( In view of its effect on
‘solvent extraction, together with other comsiderations (see Sections 4.4l
and 6.2), the use of sulfate was abandoned in favor of mitric acid.

n

In the proposed MIR Rala Process Y>99.6% of the uranium appears in a
nitric acid waste solution from which 1t is easily recovered. The total
uranium loss per assembly in the caustic dissolver solution and caustic
wash solution filtrates will vary from O.hk to 0.82 g depending on the
irradiatio %nd recycle conditions (see Table 2). These values correspond
to urani losses of 0.37 and 0.49 g respectively. It was assumed that
it would not be economical to recover so smll an amount of wranium from
the caustic waste golution.

L.} Radiation Stability

bk 41 Process Chemicals

Versene, a chelating agent with the formula ethylene diamine tetra-
acetic acid, was proposed initislly as a reagent for the dissolution °f(8)
barivm sulfate in an MIR Rals Process. Previocus experience at the 1500

*The "25" Process is the process for recovery an d?contamination of ura-
nivm from MIR assemblies-by solvent extraction.

SECRET
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and 15,000-curie (ORNL RaLa Run 44) level had shown no significant decom-
position of Versene by radistion. ORNL Rala Run 45 at the 21,000-curie
level, however, showed that Versene was not stable to prolonged irradia-
tion. The Versene solution in this case was subjected to a total of
0.040k watt-hr/g, of beta radiation, over a period of 13.5 howrs during
the feed solution pH adjustment and column feed operations. This irra-
diation caused a rise in pE at the rate of 0.5 pH unit/hr,=C-0.17 pH
unit/milliwvatt-hr/g, and resulted in the precipitation of 35% of the barium.
Subsequently, the ORNL Rala Process was reviged to replace Versene in the
"hot” feed soluti.g& with acetate, which had shown a higher degree of radia-
tion stability.(i+)

A program was initiated to st the radiation stability of sodiwm
Versenate using & 3000-curie cobalt™” source. A synthetic ORKL Rala Ver-
sene feed solution contajining barium, gtrontium, ce ,» lead, and nitrate,
along with tracer bari » stronti y and c:erimnI s was irradiated at
the rate of 2.18 x 10™ watt/g for 66.5 hours. Air, saturated with water
vapor, was bubbled contlauously through the solution to maintain its oxy-
gen content in equilibrium with the air. At the end of this period, corres-
ponding to a total energy absorption of 0.155 watt-hr/g, 56%, Th.8%, and
424 of the barium, strontium, and cerium, respectively, had precipitated.
Other effects on the solution were a rise in pH from 6.3 to 8.5; a rise in
nitrite concentration from zero to 0.13 M; and a change in color from water
white {0 yellow. ' - :

In a similar experiment two aliquots of a sodium Versenate-sodium
nitrate solution were irradiated at different rates and sampled periodi-
-cally for analysis. A plot of the millimoles of Versene decomposed versus
the tofal amount of energy absorbed indicates that the Versene is degom-
posed initially at a rate of 0.69 millimole/watt-hr in an 8.40 x 10
vatt/g field and at 0.55 millimole/watt-hr in a 2.18 x 107> watt/g field.
Thege wvalues are being checked to see if thelr difference is actually due
to the rate of irradiation or to & possible difference in their equili-
brium oxygen content. The loss in chelating power of the Versene during
irradiation thus accounts for the precipitation of the cations, probably
as their carbonates or as oxalates or succinates formed with Versene de-
composition products. After 0.2 watt-hr/g of irradiation the concentra-
tion of the Versene had decreased by “60% and its appsrent rate of decom-
position had approached zero. It has not been determin:d as yet whether
the organic decomposition products are selectively oxidized in the later
stages of irradiation and thue protect the Versene or if the decomposition
products absorb in the same spectrophotometric range as Versene and are
thus mistaken for Versene. The pH of the solutions rose from 6.3 at an
approximate rate of 0.06 pH unit/milliwatt-hr/g to the range of 8.5-to
9.5 and then remained constant. The rise in pH is attributed to the forma-
tion of weak acids and strong basee (amines) as Versene decomposition pro-
ducts (see Figure 2).

It was concluded that Versene should not be used for the dissolution
of barium sulfate in an MTR Rala Process because of its limited radiation

stability. The time required for the pH adjustment of this solution,
prior to its use as the ion-exchange column feed, would undoubtedly expose

SECRET
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. ] the Versene to excessive radiation.

The precipitation of barium chloride from ethyl ether-hydrochloric
acid is a standard radiochemical separation technique and wag used in
the ORNL Rala procesa at levels up to 4000 curies of barium*®, A num-
ber of Rala products were black in color, however, rendering the radia-
tion stability of the ethyl ether suspect. It was subsequently showm by
I. R. Higgins that irradiation of gs ethyl ether-hydrochloric acid solu-
tion to 0.1k vatt-hr/g by & cobalt sm&cg caused the formation of
colloidal black .decompositiom products. 5 Consequently ethyl ether was
not considered as & process chemical.

Other process chemicals such as sodium nitrate, sodium hydroxide,
and nitric acid have been used extensively for the dejacketing and dis-
solution of irradiated slugs and were assumed t0 be essentlally stable
to radiaticn.

b 42 Jon Exchange Resin

ORNL Rala Runs 45 and 46 were studied in detail to determine the
radiation stability of Dowex-50 resin under actual process conditions. %0
The solméona enterigf %lee.ving the colum were analyzed for barivet ’
strontium®? , cerivm*"+» , and gross beta.  Using these analyses, the
: average residence time of the activity on the columm and the total bﬁg)
4 energy absorbed by the columm system was calculated. It was assumed
. : that the gamma radiation damage was negligible and that the beta damage
wag proportional to

E (average) = (0.hk) E (maximm). (2)

Run 45 contained 12,500 curies of ggriunlh'o s 1740 curies of ‘B;Igf'lh-h
timn89, about 1000 curies of hnthanunl , and 500 curies of ceri ’ .
The resin system absorbed 0.23 kwh of beta radiation energy per kilogram
of oven-dry H* form reein, or 0.1l kvh per liter of H' form resin, oyer a
period of eighteen I.\om's8 Run 46 contained 30,000 curie‘smi baritml)‘*o
1250 curies of stﬁontﬁhm 9, about 8000 curies of lanthan s and 700
curies of ceriumtti,l s, amounting to 0.27 kwh per kilogram of oven-dry
H* form resin over a period of fourteen hours. The resin capacity loss
in the latter ca.?e should approximate only 2-4% based on results reported
I. R. Higgins{17), This work showed a resin capacithloss of 10-15%/kwh/
kilogram of resin from radiastion produced by cer:i.uml in colgn opers-
tions or by irradiation of resin in glass ampules by a cobalt™ source.
This work also showed that anion resins are less stable to radiation than
cation resins. Consequently anion resins were not considered for use-in

the MTR Rala Process.

The irradiation of the resin columns in ORNL Runs 45 and 46 did not
impair the efficiency of the systems for barium purification. It 1s
therefore assumed that iom exchange will be sultable for the MIR Rals

@  Process and will be well within radiation safety limits since the resin
. irradiation time in this case will be lower by a factor of three than in
the ORNL Rala Process.

SECRET
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The resin column should be charged with new resin for each Ralae
run to avoid a build-up of radiation damsge.

k.5 Choice of Separation Methods

The MIR Rala Process can be divided into three major steps: assembly
dissolution; separation of barium from the bulk constituents, wranium and
aluminun; and separation of the barium from the fission products.

Nitric acid, sulfuric acid, and caustic were studied as reagents for
the dissolution of the assembly. Caustic dissolution was selected for
the MIR Rala Procesa because of its efficiency and because 1t afforded an-
excellent method for the separation of the barium from the alwminate solu-
tion by filtration. '

Precipitation and ion exchange were considered as methods for the
separation of the bulk contaminants. The precipitation method was chosen
because it provided a fast, efficient sepsration wheresg ion exchange
would require large volumes and a relatively long operating time. In addi-
tion, the sulf'uﬁg acid used for the separation of barium from uranium by
cation ex::nl;ggge ) would not be acceptable in the process used to recover
the uraniv {see Section 4.3). From a stability standpoint, there was
no certainty that the resin could withstand the tremendous amount of radia-
tion of the dissolver solution where the barium furnishes only 3.5% of the
total energy from radiocactivity. The precipitation method, however, would
be stable to radiation and would eliminate a large fractiom of the fission
products. Thus the level of radiation would be lowered to the point where
it is Xnown that the resin can be used effectively and would permit the
use of lon exchange for the succeeding purification step (see Section %.h42).

Ion exchange was selected for the separation of barium from strontium
and other fission productsa. This method is excellent for processing small
amownts of material by remote control and produces a pure product in high
yield. ORNL Rala experience has demonstrated the effectiveness of ion
exchangs for the purification of barium' 0. Purification of barium by &
hydrochloric acld precipitation process was not satisfactory in that the
barium loss was high, the separation from strontium wmcertain, and the
small volumes required would be difficult to handle by remote control (see
Section 9.0).

5.0 MIR Rala Process

The recommended MR Rala Process consists of the following steps: (1)
dissolution of the assembly in caustic and separation of the aluminate solu-
tion from the wranium-barium precipitate by filtration; (2) dissolution of
the precipitate in nitric acid and the precipitation of barium nitrate by
the addition of fuming nitric acid; (3) purification of the barium by ion
exchange; and (4) fipnal purification and volume reduction by a fuming nitric
acid precipitation (see flowsheets, Figures 3 and 4, and Table 2).

SECRET
SECURITY INFORMATION




SEoAET
G INTY INFIRNATIO

ORNL-1148

5.1 Assembly Dissolution : T

5.1l Dissolution Rate

Dissolution of assembly sections in sodium hydroxide and sodium
nitrate produces a very vigorous reaction. The fast evolution of gas
causes foaming and a resultant increase in solution volume of about 100%.
It was necessary to control the reaction by adding the caustic slowly
over a period of 1/2 hour. Dissolution was complete in 1 to 2 howrs when
the mole ratio of HaOH/Al was 1 or greater. Any substantial reduction
in this ratio resulted in incomplete dissolution and umstable solutions.
Only the higher concentrations of aluminum (1.8 to 5.0 M) were considered
in this study in order to limit the digsolver solution volume and conse-
quently the total wranium loss as soluble uranium.

5.12 Of‘f-:gas Composition

: Sodium nitrate 1s added to the dissolver solution to oxidize the hy-
drogen formed during the dissolution of aluminum by sodium hydroxide and
thus reduce the explosion hazard. The following equatione describe the
reactions involved:

~ BAL + 5NeOH + 3HaNO3 + 2H,0 —3HHj + 8Nah10p (3)
. 241 + 3NaNO3 + 2NaOH—-3NaNOy + 2NahlO, + Hy0 (%)
241 + 2NaOH + 2H,0—>2HaAl0, + 3Hp (5)

A maximum of 60.7 moles of ammonia would be evolved per assembly if the
reaction proceeded according to equation (3) alone. Actually the reaction
ig a combination of the three equations.

The composition of the off-gas was studied as a function of the ini-
tial mole ratios of Al : NaNOy-: NaOH and the final Al concentrations. It
wss found that the amount of ogen in the off-gas varied directly with
the initial NaOH concentration at constant Al and NaNO., concentrations;
and indirectly with the initial KaNO; concentration at constant Al and
NaOH concentrations. At the recommended flowsheet conditions of mole ra-
tios of Al ;: RaOq : HaOH of 1 ¢ 0.5 : 1 at 5.0 M A1, the hydrogen evolu-
tion did not excee»d 2 ml per gram of mx assembly (see Fi This
value agrees very well with that reported by A. T Gresky ror the
caustic digsolution of P-1l0 sluges. At this rate, the dissolution of one
assembly would produce about 9.0 liters of hydrogen, wvhich is considered
well within safe limits. )

The ratios of the final concentrations of RO to Al were plotted as
& function of sodium molarity as a convenient method for presenting several
variables. The curves show that the fraction of the aluminum dissolved by
equation (&) varies directly with the initial NaNO, concentration at con-
stant Al and NaOH concentrations, and indirectly with the initial NaOH °
.oncentration at constant Al and N concentrations. In plotting the
percent of aluminum dissolved by equation (), it was assumed that the ratio

SECRET
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Without Filter Aid

The solutions filtered rapidly and did not plug an "H" stainless
steel filter but it was necessary to recycle the solution to obtain a
clear filtrste. The uranium loss was 0.5 - 1.0%.

Celite Filter Aid

Celite filter aid was tried in an effort to reduce the uranium loss
and eliminste the recycle. The caustic solution attacked the Celite,
however, making its use impractical.

Asbegtos Filter Aid

Asbestos, with the formula Caglg 5(OH) (Sih"n)a: proved to be a satis-
factory filter aid. It is reasonably stable in caustic solutions, possesses
goeod filtration characteristics, and is stable to heat. The latter point
is of interest because of the large amount of hest derived from the radio-
active precipitate. The system cannot tolerate too great an sddition of
calcium or strontium, and the barium addition should not exceed ~0.2 g. The.
following series of tests was run to determine the impurities that would be
added to the Rala system from the use of this filter aid: A sample of med-
um-fiber, acid-washed, and ignited asbestos was refluxed for three hours

th 3.0 M caustic in a stainless steel container and subsequently leached
for three hours with boiling 6 M nitric acid as a pretreatment purification
step. The leachings were then repeated to simulate procesa conditions. The
asbestos samples were dried for twenty-four hours at 110°C and weighed before
and after the second caustic and acid treatments, and the total weight loss
was determined as~3.0%. The caustic solution contained 0.25 and 22.6% of
the veight of the asbestos ae silica and total alkaline earths, respectively,
and the acid leach 0.6 and 0.03%, respectively. Barium was not detected by
gravimetric analysis in either solution. These results indicate that the
amount of impurities derived from the asbestos would not be excessive, since
only those contained in the acid solution enter the Rala system.

The efficiency of asbestos as a filter aid was determined on the basis
of uranium loss as solids and on filtration rate. The solid urenivm loss
wvag defined as that uranium which passed through the asbestos-"H" stainless
steel filter but which was retained by No. 42 quantitative paper. It was
shown that an asbestos precoat was necessary but that 1.28 g of asbestog
precoat per square inch of filter was no more efficient than 0.6% g in.
for retaining uranium particles. The solid uranium loss was lowered by a
factor of & by increasing the amount of filter aid from 2.5 to 5.0 g/liter ’
but any further increase resulted in an excessive loss in filtrgtion rate.
The ave solid wranium loss for twelve runs using 0.6% g in.© of precoat

and 5.0 g/liter of asbestos filter aid was 0.06% with individual variations
ranging from 0-0.1%. Increasing the Al concentration from 3.6 to 5.0 M and
variations in the mole ratio of Al : RaH03 KaOH made little difference in
the g0lid uranium loss.
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StUhEl 3k - ORNL-1148

INFORMATION rable 1

Approximate Composition of an Irradiated m-Aasem‘oly

Al

tions:
0235 content as a function of irradiation t e = '¢rt gn/assenbly gt _-At
(4‘)(0 g “-e

Radioactive fission product mass(gm)=(140) 86) (Fisslon Yield)(At.Wt)(

(A -go)(235) Fot
Steble fission produc‘l. mass (gm) = (140)(At.wt)(Fission Yield)(0.86)(1-e )
‘ (235) .
(#) @) =0. Ollos/aec- g:-neutron flux; o=U235 cross section; A=deday constant; (28)
0.86=fraction of fissioning; fission ylelds as reported by P. R. Gillette.
cactive Energy: At discharge =1.3 x J( 03 xw(29) 7
4 hrs cooling = 5.0 xwll
24 hrs cooling = 1.48 KW ,
mptions: (1) MIR power level = 30,000 :
(2) With the exception of Ba.l{% Sr 9 Ce‘w , and .,1131, the decay chains
begin and end with the ﬁrst long-lived product.

Grams /Assembly
Constituent _ Irradiation Time (Days)
_ 12 20 37
‘ Bal3d 0.5% 0.87 1.5
Bat 0.h0 0.53 0.6
| . sr88,89,90 0.76 1.2 2.0
@ Coll0,151,152,155 T1.6 2.5 |
Rare Earths: {Other t‘han Ce; includes ' ‘
| 12155,150 goa 19 |32 5 89
anon . B3, 5k T
Inert Gases: Kr 0.18 0.28 0.48
Qo e xel31,132,13%,136 . |1} 1.9 3.3 .
Alkali Metals: RbO9s87 0.23 0.37 - 0.62
s133,135,137 1.4 2.2 3.8
Halogens: *B 0.008 0.012 0.021
1I27:‘129’131 o.2r - | 0.28 ©0.35
Zinc Group: z7xI1,92,9%,95,96 1. 2.3 3.9 .
n‘nﬁ 0.36 0.58 0.98
*Int1o €0.001 0.001 - 0.002
Platinum Metals: R u101 »102,103 m:1°6 0.92 1.5 2.5
*Pd 0.087 . 0.1k 0.2k
Arsenic Group: Sel8,79,80,82 0.020 0.032 0.0
© e Te126 127:128 129,130 0.2 0.33 0.625
”"327198 117,118,119,120, ] 1°2 1.7 2.9
. *Sb and 80,5 1530104,125 | 0.010 0.016 0.028
*Cdlll ,112,113 ,llh,ll6 0 .004 ‘ ' -0 .007 0.012
- *g10 ©.002 0.003 0.005 -
:. #7099 0.35 0.56 0.96
U3 122.6 112 e ~
3232,?38?238 12.4-81.1 | 13.8-82.5 %.6-85.3
— ' 4,370 4,370 ] k,370

AL |
Si (from welding flux) 35 » 35 B § i 5
ot included in synthetic experimental solutions. . »

T Y S LRy Y ]
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Table 2

ORNL-1148

Operating Flow Rates for the MIR Rala Ion Exchange Process

See Flowsheet, Figure k.

’ ‘ Total Average Resin |
Solution Volume « Flow Rate Tinme Irradiation
(1iters) - (ml/min) (brs) Time (hrs)
(1) “"Hot" Feed 20 556 0.61 0.32
(2) Wash - Hy0 2 550 0.06 0.06
¢3) Rare Earth & Al Elution:
0.5 M Na Citrate 22 260 1.hk2 ~1.82
PH 3.2
-D Wash:
A. Ex0 2.5 260 0.16 0.16
B. Hzo0 7.5 550 0.23 0.23
(5) Sr Elution: .;,‘?'"’/ ,
0.07 M Ha Versenate 12.0 260 * 0.77 ~0.T7
pH 6.3
(6) Wash:
A. HpO 2.5 260 0.16 0.16
B. EHy0 7.5 550 0.23 0.23
Na Elution: -
(1) ¥ Elu 3;23 2 550 0.06 0.06
(8) Product Elution:
- A. 9.0 M HNOg 5 L2s 0.20 0.10
B. 9.0 M HNO3 10 100 1.67 Fegligible
Total: 93 - 5.57 . 3.51 -
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